The wavelet theory, Mann-Kendall trend test and ArcGIS spatial analysis theory were used to analyze annual precipitation and mean temperature data that were collected at seven national weather 
INTRODUCTION
In recent years, global climate change has become a focus of attention. Climate change alters the hydrological cycle, which affects the management of ecological environments and the utilization of water resources (Chen et al. ; Yang et al. ) . Global climates have experienced a warming trend over the past 100 years (Holden et al. ; Ling et al. ) , with the global mean temperature increasing by 0.74 ± 0.18 W C and multi-year mean precipitation exhibiting an average decreasing trend of 1.1 ± 1.5 mm every 10 years. However, global climate change has not been consistent, and temperature and precipitation changes have exhibited certain regional differences (Yang et al. ) .
The mean temperature in China has only increased by 0.4-0.5 W C in the past 100 years, whereas precipitation started gradually decreasing after the 1950s (Lu et al. ) .
China is one of the 13 countries with the most limited water resources per capita in the world. According to the 2012 Statistical Bulletin on Chinese Water Activities, China had 29526.9 × 10 8 m 3 in total water resources, and the total population of China was 13.54 × 10 8 according to the Sixth Nationwide Population Census, which was published in 2011. Therefore, the per capita amount of water resources was only 2180.65 m 3 , which was one quarter of water-intensive industries continuously grow, water resource scarcity has caused a bottleneck that limits sustainable economic, social and environmental development in China. For instance, in August 2013, flood disasters caused direct economic losses of 1.10 × 10 8 yuan in Heilongjiang and 3.146 × 10 11 yuan in China overall. In addition, 8.76 × 10 6 people suffered from the severe spring drought in Yunnan, and 4.94 × 10 6 people experienced difficulty gaining access to drinking water, which severely affected the lives of these people. As an important water resource, the efficient and reasonable utilization of atmospheric precipitation can alleviate the losses caused by flood and drought disasters and solve water resource shortage problems.
Thus, it is important to understand the patterns of precipitation caused by climate change to better utilize rainwater resources, and this topic has drawn extensive attention from researchers at home and abroad.
As human activities increase and abnormal climate patterns appear more frequently, precipitation, which is one of the most prominent manifestations of climate change, is closely related to severe flood and drought disasters. In the 20 th century, extensive studies addressed the cause of precipitation (Braham ) , the relationship between spring precipitation and the pollution of wheat with strontium-90 
DATA AND METHODS

Study area
The Sanjiang Plain is a region with low and flat fertile soil that is formed by the confluence and alluvium of the Hei- 
Research methods
The wavelet transformation method
Wavelet analysis is a time-frequency local analysis method with a fixed window area and variable shape. 
(1)
The wavelet transform coefficient is defined as follows:
where c is a constant, and the Morlet wavelet can generally satisfy the admissible condition and has an empirical value 
The Mann-Kendall test 
where
Assuming that the time series is random and independent, the statistics are defined as follows:
where E(S k ) and var S k ð Þ represent the mean value and variance of S k , respectively, and can be calculated using the following respective formulae:
. The distribution of UF k is a standard normal distribution, and the significance level α is given. Based on the normal distribution table, if UF i j j> U α , then the series has a significant trend variation.
Based on the time series x i , the aforementioned process can be repeated in an inverse sequence
Two statistics series, UB k and UF k , and two lines, 
Data source
The data used in the present study, which included the annual precipitation and mean temperature data collected at seven national weather stations, were obtained from the China Meteorological Data Sharing Service System (http:// www.cma.gov.cn/2011qxfw/2011qsjgx/). Because of partial data loss, the length of the data series collected at the Hegang Station differed from the lengths of data from the other six stations. The seven selected weather stations covered the majority of the Sanjiang Plain area. Figure 1 shows the locations of the weather stations, and 
Temporal characteristics of the annual precipitation in the Sanjiang Plain
The long-term annual precipitation trends
The annual precipitation variation trend charts in the San- wavelet coefficients correspond to the periods that had below average precipitation, and 0 corresponds to an abrupt change. Wavelet transform charts do not clearly show the characteristics of the periodic variation of a hydrological time series.
Therefore, for an accurate analysis, a wavelet variance chart was plotted ( Figure 5 ) to identify the significant period. shows that the wavelet variance chart for each station exhibited an increasing trend, indicating that there was a larger main period at the annual scale for the annual precipitation in the Sanjiang Plain. However, the specific period was not revealed because of limitations in the data series lengths used in the present study.
Spatial variation patterns of annual precipitation
Spatial variation patterns of mean annual precipitation for different years
The ordinary kriging interpolation method of ArcGIS Geostatistical Analyst Module was used to perform spatial identification of the mean annual precipitation in the Sanjiang Plain for the 1960s, 1970s, 1980s, 1990s, after 2000 , and the multi-year annual mean precipitation. The spatial resolution is 500 m, and the variation function is the spherical model. Figure 6 shows the spatial analysis results and reveals that the mean annual precipitation exhibited relatively large differences among different years, especially in the west and east of the Sanjiang Plain in the 1960s, whereas the differences were relatively small in the south and north of the Sanjiang Plain (Figure 6(a) ). The overall spatial distribution of the mean annual precipitation in the 1970s was generally the same as that of the 1960s; however, the number of regions with more precipitation decreased in the west and increased in the east (Figure 6(b) ). In the 1980s, the mean annual precipitation was relatively low in the center and northeast, which represents approximately two thirds of the total area of the Sanjiang Plain, and it was slightly higher in the south and west (Figure 6(c) ).
The mean annual precipitation was lower in the center of the Sanjiang Plain in the 1990s, with a narrow and long precipitation belt, whereas it was still relatively higher in the west (Figure 6(d) ). After 2000, the spatial distribution of the mean annual precipitation exhibited four regions: a plentiful precipitation region in the east, a pluvial region in the west, a relatively high precipitation region in the south and north and a lower precipitation region in the center (Figure 6(e) ). In addition, change analysis showed that the Yilan, Jixi and Hegang stations had additional annual precipitation abrupt changes due to the small wetland area. Therefore, to adjust climate, wetland protection should be strengthened to avoid unbalanced agriculture development due to climate differences.
3. The annual precipitation in the Sanjiang Plain had 12-year and 23-year oscillation periods. After 2013, the annual precipitation is estimated to continue to increase.
The annual precipitation also had a larger main period at an annual scale, but the specific period was not shown because of limitations of the data series lengths used in the present study. Therefore, to avoid grain reduction, we will further intensify efforts to prevent farmland floods and develop rainfall resources to improve the utilization efficiency of water resources. 
